MICROPROCESSORS 


SX-microcontroller 
evaluation system (4) 





part 4 (final): more programs, 
applications and tips 





In this fourth and 
final instalment 
we propose a 
few more pro- 
grams and appli- 
cations for the 
SX microcon- 
troller from 
Scenix. Some of 
the programming 
examples give a 
good impression 
of the SX con- 
troller’s raw 
Speed and the 
resulting applica- 
tions. To close off 
some frequently 
made program- 
ming errors are 
mentioned. As 


with PIC programming, dealing with the SX will 
require discipline and some getting used to, 
and the closing section is particularly aimed at 
experienced 8051 programmers. 
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Design by Dr M. Ohsmann 


The first loose end we have to tie up is 
the dock source selection, for which the 
SX offers a number of options. The SX 
prototyping board described in last 
month’s instalment enables three dif- 
ferent oscillator configurations to be set 
up by fitting jumpers. In our first exam- 
ple program, the oscillator circuit was 
set to HS (high-speed) mode. By fitting 
jumper JP2 it is possible to clock the SX 
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micro at 48 MHz. The result is that all 
programs are executed three times as 
fast ason 16 MHz. The SX chip also has 
an internal RC (resistor-capacitor) osdl- 
lator, which provides a dock signal of 
4Mhz. Via a prescaler, this dock signal 
arrives at the processor core (see 
datasheet), but only if the first and sec- 
ond program lines are modified as fol- 
lows: 


device turbo, osclMhz, pins28 
divider equ 15 


The modified program example is 
available on the project disk, its name 
is IRCLSRC. The processor clock fre- 
quency is then set to 1 MHz. At the 
same time, because of the changed 
value of ‘divider’ the inner timing loop 
is executed only 15 times (instead of 
200). Using this program the LED will 
flash at about the same rate as before, 
while a quartz crystal is not even 
required. Alternatively, you could use 
an external oscillator by connecting an 
R-C network to the OSC1 pin. On the 
processor board, that can be done by 
fitting jumper JP3 (after successful pro- 
gramming). The program should be 
modified to begin as follows: 


device turbo, oscrc, pins28 
divider equ 1 


On the project disk, the modified pro- 
gram may be found as ‘RC1LSRC’. 
Using the external components C7 = 
1nF and R6 = 10kQ wegeta dock fre 
quency of about 80 kHz. Because the 
timing loop is executed once only (see 
the value of ‘divider’), the LED flashes 
at about the same rate as before. 

Any oscillator version can be pro- 
grammed by appropriate setting of bits 
in the FUSE word. The available device 
options are listed in Table 1. The 
‘device’ instruction also allows all other 
possibilities of the SX controller to be 
selected. However, to make sure you 
get what you want, be sure to read the 
datasheets in great detail. Fortunately, 
all programs on the project disk have 
been tested, and they are ready for use 
without any editing whatsoever. 


SERIAL 

INPUT/OUTPUT 

Of course you don’t need a 50-MHz 
RISC processor to make an LED flash 
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Figure 1. Basic circuit of 
the hardware configura- 
tion used in the example 


at a 1-second interval. 
But then, when it 
comes to program- 
ming your own very high-speed appli- 
cations, the problem of testing and 
debugging will crop up at some point. 
A successful method applied by the 
author is to control a program and sup- 
ply it with data by first entering and 
outputting a couple of test values 
through the serial interface. The pro- 
gram ‘SERIO 1SRC’ is an example of 
how this may be donein practice. This 
program waits for two hexadecimal 16- 
bit values to arrive via the RS232 inter- 
face at a speed of 19,200 bits/second, 
and then produces the sum of the two 
input values. The data rate applies if 
you clock the SX micro at 16 MHz. By 
using a 48-MHz clock, the communi- 
cation will run at 57,600 bits/s. If you 
study the program you will learn how 
simple I/O functions may be imple 
mented. At the same time, this exam- 
ple program supplies you with ready- 
made subroutines for serial input and 
output, which may be employed in 
many other programs. 


programs. 


TOWARDS HIGH SPEED 
After all thistheory, a practical example 
requiring high processor speed is badly 
needed. The function of the program 
may be formulated as follows: using a 
kind of pulsewidth modulation, gen- 
erate a software-controlled direct volt- 
age. On port RA1, a pulse sequence is 
generated whose arithmetic average 


equals the desired 

direct voltage. This 

output voltage is then 
filtered out by low-pass R4-C6 on the 
SX prototyping board, and may subse- 
quently be read off a digital voltmeter 
(DVM) (Figure 1) connected to output 
‘DACT’. The pulse train itself is gener- 
ated by the program section 


pwm Ip 


The idea was found in a Scenix appli- 
cation, and is based on the fact that the 
continuous adding of the constant 
‘value’ to a register, the number of 
CARRY pulses will equal the average 
value of ‘value’. As you can see, this is 
not true pulsewidth modulation as you 
may know it from other applications. 
The algorithm is contained in the 
example program SERPWM 1.SRC on 
the project disk. This program actually 
generates two such signals, they are 
available for measuring at pins RAO 
and RAL. The signal at the RAO pin is 
used to control the average brightness 
of LED D1, which is connected to RAO 
via resistor R5. The two voltage levels 
are adjusted with the aid of a 16-bit 
hexadecimal numbers which arrive via 
the RS232 serial interface (operating at 
19,2 kbit/s when using a 16-MHz 
clock). After a reset, the program 
expects a 16-bit hexadecimal number 
(for example, 8028) to be input. The 
lower-order byte determines the volt- 
age at the DAC1 output, whereas the 
higher-order byte programs the aver- 
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age value of the voltage at the RAO pin, 
and so the LED brightness. 


AF SINEWAVE 
GENERATOR USING 
HIGH SPEED AND 
INTERRUPTS 

Now’s thetimeto rev up. In principle, 
we keep using the previously dis- 
cussed method of generating an ana- 
logue digital. This time, however, the 
value to be output is a sinewave rather 
than a direct voltage. Because the 
sinewave is created inside an interrupt 
routine, it is possible to control the 
period of the sinewave (signal fre 
quency) in the main program, using 
the RS232 interface. In this way, the cir- 
cuit shown in Figure Lis turned into a 
simple sinewave generator with a fre 
quency range of up to a few kilohertz 
and a resolution of 0.1 Hz (yes !). The 
associated program, SINGEN1.SRC is 
available on the project disk, and may 
serve as an example of how timer-con- 
trolled interrupts are programmed. 
Details of the control program are not 
given here because of lack of space. 
The comment found in the program 
listing together with the SX datasheets 
and the instruction descriptions should 
enable you to analyse the program and 
learn quite a lot. 


A FAST SINEWAVE 
GENERATOR 

On the SX prototyping board, asimple 
D-A converter (output DAC2) is con- 
nected to port RC. By using asinewave 
look-up table which is read out by a 
numerically controlled osdillator (NCO, 
see Ref. 1) it is possible to employ the 
SX chip to generate accurately defined 
sinewave voltages right into the MHz 
range. Not bad, we'd say, for such a ral- 
atively cheap microcontroller. 

The file ‘SINGEN2.SRC’ on your 
project disk is an example of a 455-kHz 
signal generator derived from a 48- 
MHz clock. By suitable programming, 
this example may be extended to cre- 
ate a sinewave generator whose out- 
put frequency is programmable via the 
RS232 interface. 


WAKE-UP 

AND INTERRUPTS 

Besides the timer (or counter) driven 
interrupt, the SX micro also allows 
pulse edges on port RB to act as inter- 
rupt requests. An example to illustrate 
this feature and the way it has to be ini- 
tialised is available as ‘MIW1.SRC’ on 
the project disk. In the main program, 
LED D1is in principle controlled by 
means of pulsewidth modulation just 
as in the PWM1 example This time, 
however, the brightness may be 
increased or decreased by pressing 
push-button S2 or S3 respectively. In 


Elektor Electronics 5/99 


Table 1. Assembler options 
for ‘device’ command 








Name Function 

PINS28 specify 28-pin 

PINS18 specify 18-pin 

OSCHS high-speed quar 
OSCXT regular quarz c 
OSCLP OW power quarz 
OSCRC activate RC osc 
0SC4MHZ internal RC osci 
0SC2MHZ internal RC osci 
OSC1MHZ internal RC osci 
OSC500KHZ internal RC osci 
0SC250KHZ internal RC osci 
0SC125KHZ internal RC osci 
0SC62KHZ internal RC osci 
OSC31KHZ internal RC osci 
BROWNOUT 4.2 Volt brown- 
TURBO activate Turbo 

STACKX activate 8 leve 
OPTI ONX extended option 
CARRY X include Carry w 
I NSYNC synchronous inp 
WATCHDOG activate Watchd 
PROTECT activate code r 
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the program, any push-button action 
generates an interrupt which, in turn, 
causes the LED brightness to be con- 
trolled. The result is a basic dimmer 
function. 


FURTHER OUTLOOK 
That concludes our discussion of the 
example programs supplied on disk for 
the SX microcontroller. The same disk, 
however, contains extra stuff, while the 
SCEN IX website is also a great source 
of additional software examples. The 
examples discussed here and the ones 
found on the Internet are good starting 
points when it comes to putting your 
own ideas in practice. With the de 
mentary information available, you 
should be ready to start making your 
own programs, and, of course, errors! 


COMMON ERRORS 
Of course, the author learned a lot of 
his mistakes while developing the 
example programs. Some pitfalls are 
discussed here to help you avoid them. 

Special attention should be given to 
the CARRY flag in relation to the CAR- 
RYX bit in the FUSEX register. The 
behaviour of arithmetic commands 
(and some conditional jumps employ- 
ing arithmetic commands as macro 
commands) is governed by the CAR- 
RYX bit. This may cause subroutines 
that you want to share to behave dif- 
ferently depending on the CARRY X bit 
being set or not. 

When using several register stacks 
you should make sure that each and 


every subroutine complies with the 
conventions you have set up. 

The next mantrap is the limited 
range of CALLs and jumps. Here, too, 
be careful, and closely read the 
datasheets. Do not start programming 
just like that — it equals time lost on 
debugging and false accusations in the 
direction of the manufacturer. 

Subroutine nesting also requires 
careful programming. A stack with a 
depth of eight levels only becomes 
available when you activate the 
STACKX option. This depth may be 
reached sooner than you would 
expect. If you frequently exchange 18- 
pin and 28-pin SX micros, you should 
remember to use the appropriate 
‘pins28’ and ‘pins18’ option in the 
assembly code. If you don’t, the pro- 
grams will not run because of an incor- 
rectly programmed bit in the FUSEX 
register. Some of the quirks mentioned 
here are simply compromises resulting 
from the speed requirements on a 
processor core which had to remain as 
simple as possible. 
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